Background: Palliative resection of the primary tumor for metastatic pancreatic neuroendocrine carcinoma (pNEC) patients is not recommended because of the poor prognosis compared to that of patients with well-differentiated, lower grade tumors. However, the published data supporting this recommendation regarding pNEC are limited. In the present study, we assessed whether palliative primary tumor resection in stage IV pNEC patients affects survival and identified other factors that affect survival in these patients. Methods: We collected data from stage IV pNEC patients registered in the Surveillance, Epidemiology, and End Results (SEER) database between 1988 and 2014. Univariate and multivariate Cox regression analysis were used to compare overall survival (OS) and cancer-specific survival (CSS) of patients who did or did not undergo primary tumor resection.
Introduction
Pancreatic neuroendocrine neoplasms (pNENs) are rare neoplasms derived from pancreatic neuroendocrine cells. pNENs have neuroendocrine markers and can secrete bioactive amine and peptide hormones. The reported incidence of pNEN is approximately 2.5-5 per 100,000 persons per year [1] [2] [3] [4] . The World Health Organization (WHO) updated the naming and grading system for gastroentero-pancreatic neuroendocrine tumors (GEP-NET) in 2010. This system is based on the number of mitotic cells confirmed per 10 high-power fields (HPFs) and/or the Ki-67 labeling index. Grade 1 (G1) has < 2 mitotic cells/10 HPF and/or Ki-67 labeling index ≤ 2%, grade 2 (G2) has 2-20 mitotic cells/10 HPF and/or Ki-67 labeling index of 3-20%, and grade 3 (G3) has > 20 mitotic cells/10 HPF and/or Ki-67 labeling index > 20%. According to the histologic morphology and proliferation index, pNENs are divided into a well-differentiated subtype, pancreatic neuroendocrine tumors (pNETs) (G1, G2), and a poorly differentiated subtype, pancreatic neuroendocrine carcinomas (pNECs) (G3) [5] . In recent years, some pancreatic neuroendocrine tumors have been reported to have good morphologies and to be well differentiated, but their Ki-67 exceeded 20%, but it generally was not more than 60%, and this condition is currently referred to as a "high proliferative activity NET" or "well-differentiated G3 NET". In 2017, WHO updated the grading of pancreatic neuroendocrine tumors and distinguished G3 pNET from G3 pNEC [6] . G3 NET has a significantly better prognosis than G3 NEC [7] .
Currently, the AJCC staging of pNEN is based on primary tumor size, regional lymph node metastasis, and distant metastasis, while tumor differentiation is not considered [8] . As prognostic factors for patients with pNEN, there is controversy about the role of primary tumor size and regional lymph node metastasis [9] . Instead, distant metastasis is considered to be one of the strongest predictors of poor prognosis of patients with pNEN, and more than 60% of patients with pNEN have developed distant metastases at diagnosis [10] . Currently, platinum-based systemic chemotherapy is recommended as the first-line treatment for patients with pNEC, but this treatment achieves a median overall survival (OS) of only 5.8 to 12 months, and the 3-year OS rate reaches only 5-10% [11] [12] [13] .
Given its highly aggressive biological behavior and poor prognosis, surgery for metastatic pNEC is not recommended, although published data on surgery for metastatic disease are scarce. Only two studies involving surgery for high-grade pNET and pNEC were referred to in the consensus guidelines of the European Neuroendocrine Tumor Society (ENETS) [14, 15] . Curative surgery is usually attempted in localized disease or for debulking or cytoreductive surgery, and metastatic resection is not recommended [16] . The consensus guidelines of the North American Neuroendocrine Tumor Society (NANETS) did not mention surgery as a treatment for metastatic high-grade pancreatic neuroendocrine carcinoma (hgpNEC) [17] . The European Society for Medical Oncology (ESMO) guidelines [18] and the National Comprehensive Cancer Network (NCCN) guidelines [19] do not recommend surgical treatment for patients with pNEC; however, it does not refer to relevant references as evidence for this statement.
The role of surgery in patients with hgpNEC is often controversial because patients are prone to recurrence. Neuroendocrine tumors with the grade G3 and distant metastasis are independent prognostic risk factors for patients with pNEN compared to G1/G2 stage and localized disease [20] [21] [22] . Therefore, we cannot deny the possible significance of surgical treatment for some metastatic pNEC patients. In addition, some reports discuss the positive effects of resection on survival [23, 24] . One study explored the role of operation in 119 patients with hgpNEC. The results showed that patients who underwent resection (n = 12) had a survival time of 29 months, and patients who underwent systemic chemotherapy alone had a survival time of only 13 months (n = 78) [25] . Moreover, some reports have described the positive effect of resection on survival [23, 24] . However, these studies are usually small series/case reports that lack a control group.
Given the limited evidence, this study was designed to assess the impact of primary tumor resection on the survival of patients with metastatic pNEC using the SEER database.
The SEER database is a program supported by the US National Cancer Institute. The database has collected data on the incidence, treatment, pathology, prognosis, and other information about cancer patients in the USA since 1973. Accessing the SEER database using the Site Recode ICD-O-3/WHO2008, we extracted all of the information about poorly differentiated and undifferentiated large-cell neuroendocrine carcinoma, small-cell carcinoma, and neuroendocrine carcinoma from the SEER database, which were matched with the newest definitions from the WHO 2010/2017 for pNEC.
Materials and methods

Study population and data sources
Information on cases was captured using SEER*Stat software (version 8. were not large-cell neuroendocrine carcinoma (8013), small-cell carcinoma (8041), or neuroendocrine carcinoma (8246); if they did not have positive microscopic diagnostic confirmation; if the grade was not poorly or undifferentiated; if the stage was not the American Joint Commission on Cancer (AJCC) stage "IV" or SEER historic stage "Distant"; if unknown primary tumor surgery was performed; and if zero survival months were present at follow-up (Fig. 1) . The variables included were sex, race, age, grade, tumor size, tumor location, lymph node metastases, chemotherapy, year of diagnosis, site-specific surgery, resection of primary and distant sites, survival time, vital status, and cause-specific death.
Statistical analysis
We performed statistical analysis using the Statistical package for Social Sciences (SPSS v.23 IBM Corporation, Armonk, NY). The chi-square test was used for group comparisons of categorical variables. Analysis of survival data was performed using the Kaplan-Meier method. Differences in survival between patient groups were compared using a log-rank test (Mantel-Cox). OS time was censored according to the vital status of patients. Cancer-specific survival (CSS) times are based on "cancer-specific death". If the patient was living at the last follow-up, the survival time was censored. We calculated the median survival time and the associated 95% confidence interval of the patients. Univariate and multivariate analyses were performed using the Cox proportional hazard regression method. Categorical covariates were defined in univariate and multivariate Cox analysis, and the first category of each covariate was selected as the indicator for the reference category. All factors with p values less than 0.1 in the Cox univariate analysis were included in the multivariate analysis. Forward and backward stepwise selection methods were performed in the Cox multivariate analysis. All p values were two-tailed and were considered statistically significant if p < 0.05.
Results
Patient demographics and tumor characteristics
Among 350 patients with histologically diagnosed pNEC and distant metastases, 82.9% (290/350) were not treated by primary tumor resection, while 14.3% (50/350) underwent surgery to remove the primary tumor. Among these 50 patients, 50% (25/50) underwent both primary tumor and metastatic disease resection, and 50% (25/50) underwent only primary tumor resection. Compared to the nonsurgery group, more young patients (< 65 years of age, 76.0% vs 51.0%, p = 0.001, Table 1 ), more patients who had a body/tail tumor location (52.0% vs 27.3%, P<0.016, Table 1 ), and fewer patients who received chemotherapy (48.0% vs 65.7%, P = 0.017, Table 1 ) were found in the surgery group, but no differences were found for sex, race, grade, or tumor size (Table 1) between the two groups. There were more cases of positive lymph node metastasis in the primary tumor resection surgery group (74% vs 3%); however, the p value did not reach a statistical significance. A higher rate of lymph node sampling might be responsible for the greater number of lymph node-positive patients in the surgery group. Although the p value was less than 0.001 among all groups when comparing tumor size, there was no significance when the "unknown" group was removed. The median OS of patients with both primary tumor and distant disease resections was 19 months, while the median OS of the group with only primary site resection was 10 months. However, this difference did not reach statistical significance (p = 0.562). 
Survival analysis
We calculated the median CSS times that corresponded to clinical factors of pNEC ( Table 2 ). The median survival time of the primary site surgery group was longer than that of the nonsurgery group (12 months vs 8 months, Table 2 ). The reasons for not performing cancer-directed surgery included recommended but not performed and not recommended. The median survival times of the two nonsurgery groups (9 months and 7 months) were both significantly shorter than that of the surgery group (12 months, p < 0.001). Moreover, no significant difference was observed between the median survival times of the two nonsurgery groups. We also compared the subgroups of the surgery group, showing that patients with no primary site surgery but only distant metastasis resection achieved an 8-month median survival time, while patients who received primary site only or primary and distant site resection achieved a 10-month and 19-month median survival time, respectively. Moreover, the younger patients (less than 65 years old) achieved a longer survival than the older patients (9 months vs 6 months, p = 0.012, Table 2 ). Patients with a tumor located in the pancreatic tail (11 months) achieved a longer survival than those with tumors at other sites (p = 0.007, Table 2 ). Patients receiving chemotherapy achieved a longer survival time than patients who did not receive chemotherapy (10 months vs 4 months, p = 0.007, Table 2 ). Figure 2a and b show the Kaplan-Meier curves of OS and CSS of the patients with or without primary site surgery performed. At each time point, both OS and CSS of the primary site surgery performed group were higher than those of the other group. Both univariate and multivariate Cox regression analyses showed that primary site resection was a prognostic protective factor of OS and CSS (OS, multivariate analysis, HR = 0.388, 95% CI, 0.269-0.560, p < 0.001; CSS, HR = 0.388, 95% CI, 0.262-0.576, p < 0.001, Table 3 ). Furthermore, chemotherapy and tumor location in the tail of the pancreas were also independent positive prognostic factors in Cox univariate and multivariate analyses (p < 0.001).
Discussion
Recent studies have suggested that primary resection has positive prognostic significance for metastatic pNET [26] [27] [28] , but studies about metastatic pNEC are limited. The SEER database accurately provides information on cancer statistics that have been collected for more than 30 years from the US population and is a good research tool for rare tumors such as pNEC. To the best of our knowledge, this is by far the largest study exploring the influence of primary tumor resection on the survival of metastatic pNEC patients.
In the present study, the median survival time of all patients was 8 months, similar to findings from previous research about pNEC [29] [30] [31] . At present, studies that analyze the prognosis of metastatic pNEC that are based on a large population are limited. This study analyzed in Fig. 2 Kaplan-Meier curves for patients who did or did not undergo primary tumor resection. The overall survival (a) and cancer-specific survival (b) were displayed. The number of patients surviving in each group is given below each plot. p value was determined using a log-rank test Table 3 Overall mortality and cancer-specific mortality in univariate and multivariable Cox regression analysis By Cox regression analysis, our findings suggest that primary tumor resection is associated with longer OS and CSS in metastatic pNEC patients. Moreover, the OS or CSS rate of the patients with resection of the primary tumor is far better than that of patients in the nonresection group (Fig. 2) , supporting the value of primary tumor site surgery in metastatic pNEC patients. Notably, further subgroup survival analysis for patients undergoing surgical treatment showed that the prognosis of patients with both primary and metastatic resection was significantly better than that of patients with only primary resection or only distant metastasis resection. Furthermore, we found that the majority of patients undergoing primary and metastatic site resection with detailed metastasis information may have only had liver metastases (Additional file 1: Table S1 , to be published electronically). Accordingly, we propose the bold hypothesis that resection with curative intent, especially for liver metastasis patients, may improve prognosis more than palliative primary site surgical resection, although further research is needed to confirm this hypothesis. In fact, previous studies have reported that for patients with NET (G1/G2), primary tumor resection is beneficial to prolong OS [27, 32] . Moreover, Chakedis et al. found that removal of all metastatic disease in patients with metastatic NET was associated with the longest median survival (112.5 months) compared to that of debulking (89.2 months) or that of palliative resection (50.0 months; p < 0.001) [32] . Notably, Galleberg et al. evaluated the results of resection/radiofrequency ablation (RFA) with curative intent of liver metastases in patients with metastatic GEP-NEC. The median OS after resection/RFA of liver metastases was 35.9 months with a 5-year OS of 43% [33] . However, the survival time was shorter in our analysis. One obvious explanation for this is that the patients in the former study were mixed, with a variety of locations of neuroendocrine carcinoma in the digestive tract system, and this led to a difference in total median survival. Another possible explanation is that the location of the metastases and the extent of resection of the metastases could not be confirmed in our study. In addition, patients who underwent primary and metastatic resection may not have actually achieved radical resection. Lastly, the pNECs included in our study that were poorly differentiated or undifferentiated may have a worse prognosis than the high-grade NECs in their study. Conversely, a study reported that poorly differentiated colorectal NEC patients did not benefit from primary tumor resection [34] . Further exploration is needed of the causes of these differences. Consequently, methods of screening for metastatic pNEC patients who are good candidates for surgical intervention need further study.
Previous studies showed a median OS of 5.8 to 12 months of pNEC patients receiving chemotherapy [11] [12] [13] , which is similar to the findings of the present study. Consistent with current guidelines for metastatic pNEC patients [16] [17] [18] , our study also suggests that chemotherapy can improve outcomes of IV stage pNEC patients.
In addition, multivariable analyses showed that the pancreatic tail location of a primary tumor (compared to nontail locations) was a positive prognostic factor for survival. The effects of tumor location on the prognosis of pNEN are controversial. A previous study found that the prognosis of patients with a primary tumor in the body/tail was better than that of patients with a primary tumor in the head of the pancreas [35] . Tumors in the tail have a separate lymphatic drainage basin and are less likely to develop biliary, pancreatic, and visceral vessel compromise when compared to tumors in the head of the pancreas [27] . In this study, patients with a tumor in the pancreas body had a similar median survival time to the patients with a tumor in the head or overlapping regions of the pancreas. The small number of patients with a tumor in the pancreas body may be responsible for this difference. However, Tak et al. reported that tumors located in the body or tail of the pancreas were more likely to demonstrate a shorter progression-free survival (PFS) among pancreatic neuroendocrine tumors [36] . On the one hand, only pNET patients were included in that study. On the other hand, PFS cannot be considered equivalent to OS.
There are certain limitations to our study. This retrospective study cannot avoid the existence of selection bias. The SEER database does not provide information about tumor resection margin status, metastatic site information, disease burden, preoperational performance status, and other possible prognostic factors, such as the presence of comorbidities, complications, and additional life-prolonging therapy. Although a longer survival time was observed in patients after primary tumor resection in this retrospective study, further multicenter retrospective and prospective studies are needed to help the surgeons select ideal candidates, such as those with fewer metastases, smaller tumors, and better health to receive resections in the future.
Conclusion
The result of this study showed that surgical removal of primary pNEC of the pancreases is associated with longer survival in patients with distant metastases. Additionally, chemotherapy and the presence of the primary tumor in the tail of the pancreas were independent positive prognostic factors for metastatic pNEC patients.
